
Explicit Minimal free Resolutions
-

offibeprodects

Chain : Under certain "

nice
"

conditions
,
we can

minimally resolve ⇐¥÷⇒E¥¥X¥⇒ FIT, over R
.

Motivation : Fiber Products are Tor - friendly (NSW 47)

• minimal free res 'd of modules over fiber product

• other classes of rings shown to be Tor - friendly
using 06 - methods (AI NSW '19,20)

- need minimal resolutions with OGA structure
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R
step 1 : - Eh xanax over R .

ay.>

• Polynomial case done by Visscher
'06

Notation ;

•X - tires :O- R ri"n- o

• ""!"rhi÷mm→ .



Thin ( V'21
,
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The construction

ix.unit "÷÷÷'
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is a minimal resolution of Ray
.>

-
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Example :
-
-

÷÷÷÷i÷÷÷÷÷÷÷÷÷:÷:*:÷÷÷÷:÷i *-(X, Y, Xiyz Xcyz XZY, X 292×293)

o- R- Rs-R
"
-H- R→ o



Step -2 !
R

⇐ agamid
Resolve ×p,×±¥ ×,×z×nkEtR over R

strategy : o→ I. ¥⇒ - II, →⇐!¥ → o

R
•

g
resolved by X*Y

• set I = (x,
'

,
x. xz) and S the min rest of MI

• I. T⇒EI④r¥y, resolved by S
- '

(Sz,④rY)

•Need Io :S
-'

(Saint)→ X*Y



Build Io from ol :S→ X :

-

S : o→R n
'

a → o

to tx . K:" t '
X O → R R2 a,sR→ 0

Define Io :S
- '

(Saint) → X*Y

Ioc, = {
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Thin ! Cone CE) is the desired min resolution



Step 3 :
- - AGED

Resolve cey.gg?yz,y.-y.,y.yz5=hEEtHcyzyz,y.Tyys over K .

Strategy : o→ J - ¥⇒ →II, →I → o

IS;D

• set F-(9293,193, 9,92 > and 2 the min rest of %

• J .¥⇒EF⇒④rJ resolved by S
- '

(X %)

• Build It :S "fx%%)- X*Y front:2→y
via KI SO
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Example : Is;)
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finale : Resolve =ii÷¥xac.is?:i:i:?I(X,2,XiXz
, IF- , 9293,443 , 192,7

strategy
"

Glue
"

together Cone (Io) and cone (E)

Els.it/:o-R-sks-R9-n7-sp5o

ft f f f I Ilxixixd
X*Y ; o-Risks-R

"
-H-Rso

(X, Y, Xiyz Xcyz XZY, Xzyz X2Yz)

{IV f f f 91%931%194
jyx④% . ) : o → R

"
- R

>→ Roo- R'→ o

ft) cone

O- X*Y- to - cone# E) → 0
Cone



Cone (Io Iu) minimally resolves our fiber

product
.

- recover betti numbers

-
" " graded betti numbers

- Poincare series
.


